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Abstract 
A PCEUDO finite element method of transient analysis of multi-conductors transmission lines (MTL) in a reference 
is pointed out and proved to be the finite difference time domain (FDTD) method. Based on the explicit/implicit 
method, a time domain finite element method of transient analysis of MTLs is presented. And the method is validated 
with one numerical examples making comparison with the FDTD method. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
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1. Introdution 
In coal mine, overvoltage generated by switching operation could influence the communication and 
monitoring and control systems. In power substations, Very fast transient overvoltage (VFTOs) generated 
by switching operation of circuit breakers and disconnected switches could cause a voltage oscillation on 
the busbars, cables and the windings inside the transformer connected. For the analysis involving the 
VFTO of much higher frequencies, the MTL theory is applied and a hybrid method of MTLs model and 
antenna theory is proposed. The transient wave process along the transmission line is calculated first, and 
then the field is calculated [1-6].  
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In order to analyze the wave processes, time-domain method is always recommended. Bergeron's 
method is a time-domain method, which has been widely used to calculate the wave processes in power 
system and has been implemented in EMTP code [7-8]. However, only the voltage and current at some 
specified nodes can be calculated by this method. It is not effective for the calculation of the complete 
wave processes of voltage and current distributed along the MTLs. Nonetheless, the problem can be 
solved by FDTD [9]. Paul proposed an iterative algorithm for the lossy MTLs with arbitrary loads [10]. 
Lu et al improved and complemented the Paul’s method [11-12]. Because of the Gibbs effect of FDTD 
method, Park and Lei, develop the finite element method (FEM) and TDFEM for this problem [13-14]. 
2. A PCEUDO finite element method in refrence [9] 
We suppose that the propagation of the MTLs is along z-direction and its per-unit-length inductance 
L, capacitance C, conductance G and resistance R matrixes have been known, which can be determined 
by the geometry of the MTLs and its surrounding media. The governing equations, called telegraph 
equations, can be expressed as follows:  
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Where z is the direction of wave propagation; U and I denote the voltage and current vectors on the z
point of line at t moment respectively; VF, IF respectively denotes the excitation voltage source and 
motivation current source vectors on the z point at time t.
The reference [13] describes a time domain finite element method for lossy transmission time 
analysis.
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Variables ( )tU k  and ( )tI k represent voltage and current waves associated to node ”“ k , 21，k =  of the 
finite element.   
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where ( ) 21，kzk =，Φ  represent interpolation functions and they are: 
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Take equations (3)-(8 into  (1) and  (2) 
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The two nodes of a fist-order finite element are placed in such away that each voltage element 
contains an interpolation node for the current and each current element contains an interpolation node for 
the voltage as shown in Fig.1. The final equations are:  
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Fig. 1 The MTLs elements in space and time 
They can be obtained by the equations (13) and (14) in [9]. They can be obtained by multiplying and 
dividing both sides of the equations (13) and (14) respectively by 2 t△  and z△ and then not considering 
VBFB and IBFB.
)()()z
t
()
t
( 1/2nFk
/2n
Fk
n
k
n
1k
1/2n
k
/2n
k VVVVI
RLIRL -1-1
2
z
2
z
z
2
z ++−−−=+ +++ ΔΔΔ
ΔΔΔ
Δ
                         (13) 
)()()
t
()
t
( nFk
1n
Fk
1/2n
1k
1/2n
k
n
k
1n
k IIIIV
GCVGC ++−−−=+ ++−++ 2
z
z
2
z
z
2
z ΔΔΔ
ΔΔΔ
Δ                                          (14) 
3. Improvement 
Time integration performed on the system of ordinary differentia equations is carried out using 
explicit/implicit mixed procedure. Using the Newton-Raphson's method in the case of nonlinear 
distributed parameters local system of algebraic equations is:  
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Assembly of global system of equations is based on satisfaction of continuity equation (Kirchhoff’s 
current law) for each node in electrical network. Therefore it is necessary to transform system (6) into: 
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The matrix relation  (15), for each finite element is: 
2121112121111 ΨΨΔΔΔ BBUAUAI −−−−=
2221212221212 ΨΨΔΔΔ BBUAUAI −−−−=
For the case when the local node is ”“1   is: 
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For the case when the local node is ”“ 2 is:
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Summing up the contributions of all incident finite elements over all nodes, global system for k-
iterative step becomes [ ] ggg bUA =Δ                                                                                                                                 (21) 
The present numerical procedure is stable for 150 ≤≤θ. .
4. Example 
The other example is the crosstalk problem of two wires as shown in Fig.2. The voltage source is step 
function and its Magnitude is 1V. RBs1B=50, RBs2B=50, RBL1B=50, RBs2B=50. The length of the MTLs is 0.5m. 
0.005mz =Δ The per-unit-length parameters are the same as in [9]. The comparison of  
the results of the TDFEM and FDTD method is shown in Fig.3. 
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From the Fig.3, we can see that the results the results of the TDFEM are basically agreement with 
FDTD method Bergeron's method in the sinusoidal steady analysis and transient analysis. But from the 
zoom part, the results of the FDTD have numerical oscillation. As to Bergeron's method, the only 
the voltage and current at some specified nodes can be calculated. And the TDFEM can overcome these 
disadvantages. So the TDFEM would be the optimized method for analyzing the traditional MTLs.  
5. Conclusion 
A PCEUDO finite element method of transient analysis of multi-conductors transmission line in a 
reference is pointed out and proved to be the finite difference time domain (FDTD) method. Based on the 
explicit/implicit method, a time domain finite element method of transient analysis of multi-conductors 
transmission line is presented. And the method is validated with one numerical examples making 
comparison with the FDTD method. In transient analysis, it avoids of numerical oscillation of the FDTD 
method. Comparing the Bergeron's method, all voltages and currents along the MTLs can be calculated 
with the TDFEM. 
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